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(54) Solid oxide electrolyte fuel ceil 

(57) A solid electrolyte fuel cell includes a solid elec- 
trolyte device (16a} having electrodes (12,14a) formed 
on both surfaces of an oxygen ion -conductive solid elec- 
trolyte substrate (10) and wherein oxygen is supplied to 
the electrode ( 1 2) on the cathode side and methane gas, 
as fuel, is supplied to the electrode (14a) on the anode 
side of the solid electrolyte device (10). Metat oxide par- 



ticles (20) consisting of CoNi02 are blended, as an ox- 
idation catalyst for the methane gas, with a porous plat- 
inum layer forming substantially the electrode (14a) on 
the anode side of the solid electrolyte device (10) or par- 
ticles consisting ofPdCoOg (22b) are formed on the sur- 
face of the porous platinum layer as an oxidation cata- 
lyst for the methane gas. 
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Description 

[0001 ] This Invention relates to a solid electrolyte fuel 
cell. More particularly, the present invention relates to a 
solid electrolyte fuel cell equipped with a solid electrolyte 
device which has electrodes formed on both surfaces of 
an oxygen ion-conductive solid electrolyte substrate 
and in which an oxygen-containing gas is supplied to 
the electrode on the cathode side of the solid electrolyte 
device while methane gas, as fuel, is supplied to the 
electrode on the anode side. 

[0002] Solid electrolyte fuel cells are expected to pro- 
vide a higher power generation efficiency than the pow- 
er generation efficiency of thermal power generation or 
the like. Therefore, numerous studies, regarding fuel 
cells have been done. As shown In Fig. 10, a solid elec- 
trolyte fuel cell uses a sintered or burned body of stabi- 
lized zirconia containing yttria (Y203)(hereinafter called 
merely the "YS2 burned body") as an oxygen ion-con- 
ductive solid electrolyte substrate 100. (This stabilized 
zirconia will be hereinafter called "YSZ" in some cases.) 
The solid electrolyte fuel cell further includes a solid 
electrolyte device 106 having electrodes 102 and 104a 
formed on both surfaces of the solid electrolyte sub- 
strate 100. 

[0003] Of the electrodes 1 02 and 1 04a of this solid elec- 
trolyte device 1 06, the electrode 102 is made of lanthanum 
strontium manganese oxide [(LaQ ggSro j 5)0.90^003]. and 
is used as the cathode. Oxygen or ari oxygen-containing 
gas is supplied to this electrode 102. The other electrode 
104a comprises a porous pla tinum layer, and is used as 
the anode. Methane gas, as fuel, is supplied to this elec- 
trode 104a. 

[0004] Oxygen (O2) supplied to the electrode 102 of 

the solid electrolyte device 106 shown in Fig. 10 is ion- 
ized to oxygen ions (O^-) at the boundary between the 
electrode 102 and the solid electrolyte substrate 100. 
The oxygen ions (O^-) are transferred by the solid elec- 
trolyte substrate 100 to the electrode 104a. The oxygen 
ions (02-) so transferred to the electrode 104a react with 
methane {CH4) gas supplied to the electrode 104a, 
forming water (H2O), carbon dioxide (COg), hydrogen 
(Hg) and carbon monoxide (CO). Since the oxygen ions 
emit electrons during this reaction, a potential difference 
develops between the electrode 102 and the electrode 
1 04a. When the electrodes 1 02 and 1 04a are electrically 
connected to an external circuit 108, the electrons of the 
electrode 104a flow through the external circuit 108 to 
the electrode 1 02 (indicated by an arrow). Electric power 
can thus be obtained from the solid electrolyte fuel cell. 
[0005] Incidentally, the operating temperature of the 
solid electrolyte fuel cell shown in Fig. 10 Is approxi- 
mately 1.000*C. 

[0006] The solid electrolyte device 1 06 shown in Fig. 
10 has durability against the high operating tempera- 
ture, but has low power generation performance such 
as terminal current densrty and discharge current den- 
sity. Therefore, further improvements of the cell per- 



formance are required. 

[0007] A solid electrolyte device 1 1 0 shown in Fig. 1 1 
has been used. The solid electrolyte device 110 sub- 
stantially comprises a solid electrolyte substrate 112 

5 made of YSZ, and the electrode 104b as the anode is 
formed at one of the ends of this solid electrolyte sub- 
strate 112. The electrode 104b is made of the mixture 
of YSZ, that forms the solid electrolyte substrate 112, 
and cermet particles 114. 144 comprising of nickel (Ni) 

10 and nickel oxide (NiO). 

[0008] Incidentally, the electrode 1 02 as the cathode, 
that is formed at the other end of the solid electrolyte 
substrate 1 1 2, is made of lanthanum strontium manga- 
nese oxide in the same way as the electrode 102 of the 

IS solid electrolyte device 106 shown in Fig. 10. 

[0009] The solid electrolyte fuel cell using the solid 
electrolyte device 110 (hereinafter called the "Ni-YSZ 
cermet solid electrode device 110" in some cases) 
shown in Fig. 1 1 has an improved power generation per- 

20 formance, such as discharge current density and termi- 
nal current density, in comparison with the solid electro- 
lyte fuel cell using the solid electrolyte device 1 06 shown 
In Fig. 10. 

[0010] However, the operating temperature of the sol- 
2S id electrolyte fuel cell using the solid electrolyte devk:e 
110 shown in Fig. 11, at which power can be obtained 
in a stable way, is at least about 920'C. Power cannot 
be obtained stably at a temperature lower than 920'C. 
The phenomenon of a gradual drop of activity of the solid 
30 electrolyte substrate 110 occurs at an operating temper- 
ature higher than 920*'C. Therefore, an improvement in 
the heat-resistant property of the solid electrolyte sub- 
strate 110 is required. 

[0011] When a dry methane gas, after the removal of 
35 moisture, is supplied as fuel to the electrode I04b as 
the anode, the reactivity between the methane gas and 
the oxygen ions drops with the result that the solid elec- 
trolyte fuel cell fails to exhibit its full performance. For 
this reason, moisture-containing wet methane gas is 
40 supplied to the electrode 1 04b at present so as to secure 
reactivity between the methane gas and the oxygen 
ions. 

[0012] The reaction between the methane gas and 
the high-temperature vapor is the endothermic reactton. 

45 Therefore, the temperature on the side of the electrode 
140b drops, and carbon that is formed with the drop of 
the reaction temperature adheres to the electrode I04b 
and promotes a drop in activity of the solid electrolyte 
device 110. In other words, stable power generation is 

so difficult. 

[001 3] It is therefore an object of the present Invention 
to provide a solid electrolyte fuel cell that has an im- 
proved power generation performance, such as dis- 
charge current density and terminal current density, and 
ss has the maximum heat-resistance of the solid electro- 
lyte device. 

[001 4] As a result of studies to solve the problem de- 
scribed above, the inventors of this invention have found 
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that a solid electrolyte fuel cell using the solid electrolyte 
device 200 shown in Fig. 12 has an improved power 
generation performance, such as discharge current 
density and terminal current density, in comparison with 
the solid electrolyte fuel cell shown in Fig. 10, and can s 
stably generate power even at an operating temperature 
of less than 920°C. Some of the present inventors pro- 
posed a solid electrolyte fuel cell using the solid electro- 
lyte device 200 shown in Fig. 12 in "Progress in Battery 
& Battery f^aterials", Vol. 17, April (1998), p. 137-143. io 
[GDI 5] In the solid electrolyte device 200 shown in Fig. 
1 2. electrodes 102 and 104c are formed on both surfac- 
es of a solid electrolyte substrate 100 comprising a YSZ 
burned body. The electrode 102 used as the cathode is 
formed of lanthanum strontium manganese oxide 
[(Lao ssSro i5)o.goMn03]. Metal oxide particles 202, 202 
■ made of PdCoOg are blended in a porous platinum layer 
that forms the electrode 104c used as the anode. 
[0016] However, power generation performance, 
such as discharge current density and terminal current 20 
density, of the solid electrolyte device 200 shown In Fig. 
12, is not yet sufficient. 

[0017] Therefore, the inventors of the present inven- 
tion have further studied solid electrolyte fuel cells to im- 
prove the power generation performance, such as dis- 2S 
charge current density and terminal current density, and 
the thermal and chemical stability of the solid electrolyte 
device. As a result, the present inventors have found 
that the power generation performance of the electrolyte 
fuel cell, such as discharge current density and terminal so 
current density, and the heat-resistant property of the 
solid electrolyte device, can be improved remarkably 
when the solid electrolyte fuel cell has the solid electro- 
lyte fuel device formed by blending metal particles of 
CoNi02 in the porous platinum layer forming the elec- 3s 
trode on the anode side, or the solid electrolyte fuel de- 
vice has an oxide layer, in which metal oxide particles 
of PdCoOg are sintered, on the surface of the porous 
platinum layer forming the electrode on the anode side. 
The inventors have thus completed the present inven- 40 
tion. 

[0018] In a solid electrolyte fuel cell of the type which 
is equipped with a solid electrolyte device having elec- 
trodes formed on both surfaces of an oxygen ion-con- 
ductive solid electrolyte substrate, and in which oxygen 45 
or an oxygen -containing gas is supplied to the electrode 
on the cathode side of the solid electrolyte device while 
methane gas, as fuel, is supplied to the electrode on the 
anode side, the present Invention provides a solid elec- 
trolyte fuel cell having the construction wherein metal so 
oxide particles consisting of CoNi02 or CoO are blended 
as an oxidation catalyst for methane gas in the porous 
platinum layer that forms substantially the electrode on 
the anode side of the solid electrolyte device. 
[0019] In a solid electrolyte fuel cell of the type which ss 
is equipped with a solid electrolyte device having elec- 
trodes fomned on both surfaces of an oxygen -containing 
solid electrolyte substrate, and In which oxygen or an 



oxygen-containing gas is supplied to the electrode on 
the cathode side of the solid electrolyte device while 
methane gas, as fuel, is supplied to the electrode on the 
anode side, the present invention provides a solid elec- 
trolyte fuel cell having the construction wherein an oxide 
layer in which metal oxide particles consisting of 
PdCoOg are sintered as an oxidation catalyst for meth- 
ane gas is formed on the surface of the porous platinum 
layer that forms the electrode on the anode side of the 
solid electrolyte device. 

[0020] In these Inventbns, it is suitable to form the sol- 
id electrolyte substrate of a stabilized zirconia burned 
body containing yttria, and to form the electrode on the 
cathode side of lanthanum strontium manganese oxide 
[(Lao.Q5Sro.is)o.9oMn03]. 

[0021] In the solid electrolyte fuel cell according to the 
present invention, the metal oxide particles of CoNi02 
or CoO, as an oxidation catalyst for methane gas. blend- 
ed in the porous platinum layer forming the electrode on 
the anode side of the solid electrolyte device, or the met- 
al oxide particles of PdCo02 as an oxidation catalyst for 
methane gas, sintered into the oxide layer on the sur- 
face of the porous platinum layer, can promote the oxi- 
dation reaction of methane. Therefore, the solid electro- 
lyte fuel cell according to the present invention can gen- 
erate power more stably and over a broader range of 
the operating temperature, at which power can be gen- 
erated stably, than the solid electrolyte fuel cell 
equipped with the Ni-YS2 cermet solid electrolyte de- 
vice 110 shown in Fig. 11. 

[0022] A dry methane gas, that need not contain mois- 
ture, can be used as the methane gas supplied as the 
fuel. 

[0023] Among the solid electrolyte fuel cells according 
to the present invention, the solid electrolyte fuel cell 
equipped with the solid electrolyte device that contains 
the metal oxide particles of CoNi02 or CoO blended in 
the porous platinum layer forming the electrode on the 
anode side is supenor in power generation perform- 
ance, such as discharge current density and terminal 
current density, and in thermal and chemical stability, to 
the solid electrolyte fuel cell equipped with the solid elec- 
trolyte device that contains the metal oxide particles of 
PdCo02 sintered into the oxide layer on the surface of 
the porous platirium layer forming the electrode on the 
anode side. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0024] 

Fig. 1 is a schematic view useful for explaining a 
solid electrolyte fuel cell according to an embodi- 
ment of the present invention; 
Fig. 2 is a schematic view useful for explaining the 
solid electrolyte fuel cell according to another em- 
bodiment of the present invention; 
Fig. 3 is a schematic view useful for explaining a 
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measuring apparatus for measuring power genera- 
tion performance of a solid electrolyte device; 
Fig. 4 is a graph showing the discharge character- 
istics of the solid electrolyte device measured by the 
measuring apparatus shown In Fig, 3; 
Fig. 5 is a graph showing the relation between a ter- 
minal power density of various solid electrolyte de- 
vices and a terminal current density: 
Fig. 6 is a graph showing the relation between the 
maximum current densities of various solid electro- 
lyte devices and the temperature; 
Fig. 7 is a graph showing the change of the terminal 
power density when the tenninal power density of 
a conventional solid electrolyte device is measured 
repeatedly; 

Fig. 8 is a graph showing the change of the terminal 
power density when the terminal power density of 
the solid electrolyte device according to the present 
invention is measured repeatedly; 
Fig. 9 is a chart useful for explaining the relation be- 
tween an ambient temperature of a conventional 
solid electrolyte device and a terminal voltage; 
Fig. 10 is a schematic view useful for explaining the 
outline of a conventional solid electrolyte fuel cell; 
Fig. 11 is a sectional view useful for explaining the 
structure of a solid electrolyte device used in the 
conventional electrolyte fuel cell; and 
Fig. 12 Is a sectional view useful for explaining an 
improvement example of the solid electrolyte de- 
vice used in the conventional solid electrolyte fuel 
cell. 

[0025] Fig. 1 is a schematic view useful for explaining 
a solid electrolyte fuel cell according to one embodiment 
of the present invention. The solid electrolyte fuel cell 
shown in Fig. 1 uses a YS2 burned body made of sta- 
bilized zirconia (YSZ) containing 8 mol% of yttria (Y2O3) 
as an oxygen ion-conductive solid electrolyte substrate 
10. Electrodes 12 and 14a are formed on both surfaces 
of this solid electrolyte substrate 10 to give a solid elec- 
trolyte device 16A. 

[0026] Of the electrodes 1 2 and 1 4a, the electrode 1 2 
is made of lanthanum strontium manganese oxide 

[(Lao asS''o.i 5)o.9o'^"03l '® ^® ^® cathode. Ox- 
ygen is supplied to this electrode (12). The other elec- 
trode 1 4a is used as the anode and is substantially made 
of a porous platinum layer. Methane gas, as fuel, is sup- 
plied to this electrode (14a). 

[0027] Oxygen (02)suppliedto the electrode 12of the 
solid electrolyte device 16A shown in Fig. 1 is ionized to 
oxygen ions (O^-) at the boundary between the elec- 
trode 12 and the solid electrolyte substrate 10. The ox- 
ygen Ions (O^') are transferred to the electrode 14a by 
the solid electrolyte substrate 10. The oxygen Ions (O^ ) 
so transferred to the electrode 14a react with the meth- 
ane (CH4) gas supplied to the electrode 14a and gen- 
erate water (HjO). carbon dioxide (COg), hydrogen (H2) 
and carbon monoxide (CO). Since the oxygen ions emit 



electrons during this reaction, a potential difference de- 
velops between the electrode 12 and the electrode 14a. 
When the electrodes 12 and 14a are electrically con- 
nected by an external circuit 18, the electrons of the 
s electrode 1 4a flow through the external circuit 1 8 to the 
electrode 12 (indicated by an arrow), and electric power 
can be obtained from the solid electrolyte fuel cell. 
[0028] The electrode 14a of the solid electrolyte de- 
vice 16A shown in Fig. 1 is mainly made of the porous 
10 platinum layer. Metal oxide particles 20, 20 of CoNiOg 
or CoO as the oxidation catalyst for methane gas are 
blended in this porous platinum layer. The metal oxide 
particles 20, 20 can promote the oxidation of methane 
with the oxygen ions (O^*) transferred by the solid elec- 
ts trolyte substrate 1 0, and can improve the power gener- 
ation performance of the solid electrolyte fuel cell such 
as discharge current density and terminal current den- 
sity. 

[0029] Such an electrode 14a can bo produced by 
mixing a predetermined amount of the metal oxide par- 
ticles of CoNiOg or CoO, that are pulverized in advance, 
with a platinum paste, applying the resulting mixed 
paste to one of the surfaces of the YSZ burned body, 
and sintering the burned body at 1,300'C for about 1 
hour in the open air. 

[0030] Fig. 2 is a schematic view showing another ex- 
ample of the solid electrolyte fuel ceil according to the 
present invention. The solid electrolyte fuel cell shown 
in Fig. 2 uses the YSZ burned body made of stabilized 
zirconia (YSZ) containing 8 mol% of yttria (YgOg) as the 
oxygen ion -conductive solid electrolyte substrate 10 in 
the same way as the solid electrolyte fuel cell shown in 
Fig. 1. The electrodes 12 and 14b are formed on both 
surfaces of this solid electrolyte substrate 10 to give the 
solid electrolyte device 16B. 
[0031 ] Of the electrodes 1 2 and 14b of this solid elec- 
trolyte device 16B, the electrode 12 is made of lanthanum 
strontium manganese oxide [(l-ao e5Sro;i5)o.goMn03] in 
the same way as the solid electrolyte fuel cell shown in 
Fig 1 , and is used as the cathode. Oxygen is supplied to 
this electrode 12. The other electrode 14b is used as the 
anode. Methane gas, as fuel, is supplied to this electrode 
14b. 

[0032] The electrode 14b of the solid electrolyte fuel 

cell shown in Fig. 2 comprises a porous platinum layer 
22a formed on one of the end faces of the solid electro- 
lyte substrate 10 and an oxide layer 22b, in which metal 
oxide particles of PdGo02 are sintered, formed on the 
surface of the porous platinum layer 22a, as a catalyst 
for methane gas. This layer 22b can promote the oxida- 
tion reaction between the oxygen ions (O^-), that are 
transferred by the solid electrolyte substrate 10 to the 
electrode 14b, and methane. The layer 22b can even- 
tually improve the power generation performance of the 
solid electrolyte fuel cell, such as discharge current den- 
sity and terminal current density 
[0033] The electrode 14b is formed in the following 
way A platinum paste is applied, to a predetermined 
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thickness, to one of the surfaces of the YSZ burned 
body, and is sintered at 1 ,300"C for about 1 hour to form 
the porous platinum layer 22a. Next, a predetermined 
amount of metal oxide particles 20 of PdCoOj, that are 
pulverized in advance, are mixed with an organic binder 
to form a mixed paste. The mixed paste is then applied 
to the porous platinum layer 22a and is burned at 850'*C 
for about 3 hours in the open air. 
[0034] The power generation performances of the sol- 
id electrolyte device 1 6A shown in Fig. 1 and the solid 
electrolyte device 16B shown In Fig. 2 were measured 
by the measuring apparatus shown In Fig. 3. The meas- 
uring apparatus shown in Fig. 3 has a first cylinder 34 
made of ceramic that is inserted into a space 32 kept at 
a desired temperature by a furnace 30, and a second 
cylinder 36 made of ceramic that is inserted into one of 
the open ends of the first cylinder 34. The solid electro- 
lyte device 1 6 is disposed at the insertion end of the sec- 
ond cylinder 36 so that the electrode 1 4 of this solid elec- 
trolyte device 1 6 closes one of the open ends of the sec- 
ond cylinder 36. A methane gas feed pipe 38 Is open 
near the electrode 14 of this solid electrolyte device 16. 
This methane gas feed pipe 38 supplies a dry methane 
gas, substantially not containing moisture, at a prede- 
termined flow rate. An exhaust piping 42 for exhausting 
the combustion products of the methane gas is disposed 
near the other open end of the second cylinder 36. 
[0035] An oxygen feed pipe 40 for supplying oxygen 
at a predetermined flow rate is inserted into the other 
open end of the first cylinder 34 in the proximity of the 
electrode 12 of the solid electrolyte device 16A or 16B. 
Exhaust piping 44 for exhausting the residue of oxygen 
supplied, etc. is disposed at the other open end of the 
first cylinder 34. Furthermore, a thermocouple 46 is in- 
serted from the other open end of the first cylinder 34 
so that the ambient temperature near the solid electro- 
lyte device 16 can be measured. 
[0036] I ncidentally, both open ends of the fi rst cyl inde r 
34 and the other open end of the second cylinder 36 are 
closed by plugs 48a, 46b and 50 mado of a silicone rub- 
ber, respectively. 

[0037] While the ambient temperature near the solid 
electrolyte device fitted to the measuring apparatus 
shown in Fig. 3 is being measured by the thermocouple 
46, the furnace 30 is controlled to attain a desired tem- 
perature, giving the discharge characteristics shown in 
Fig. 4. The discharge characteristic curve of Fig. 4 rep- 
resents the measurement result of the terminal voltage 
while the current quantity of the terminal current is 
changed, of the terminal voltage and the terminal cur- 
rent picked up from both electrodes of the solid electro- 
lyte device. The abscissa of the graph in Fig. 4 repre- 
sents the current density (terminal current quantity per 
unit area of the electrode), and the ordinate represents 
the terminal voltage. It can be seen from the discharge 
characteristic curve shown in Fig. 4 that the greater the 
terminal current quantity from the solid electrolyte de- 
vice (the higher the current density), the lower the ter- 



minal voltage. The current density when the terminal 
voltage drops to zero volts is the maximum current den- 
sity X. This maximum current density X represents the 
power generation capacity of the solid electrolyte de- 
5 vice. The maximum current density is determined by ex- 
trapolation of the measured discharge characteristic 
curve until the terminal voltage reaches zero volts as 
shown in Fig. 4. 

[0038] Such discharge characteristic curves shown in 
10 Fig. 4 are determined for various solid electrolyte devic- 
es while the ambient temperature of the solid electrolyte 
devices is kept at 850"C (1.1 23K), and terminal power 
density curves shown in Fig. 5 are obtained. The ordi- 
nate in Fig. 5 represents the power density (voltage x 
15 current density) and the abscissa represents the current 
density. 

[0039] The curves of the terminal power density 
shovm in Fig. 5 are convex curves. The higher the point 
at which the terminal power density becomes maximal 

20 and the greater the area of the protruding cun/e. the 
greater becomes the power generation quantity. 
[0040] Of the cun/es of the terminal power density 
shown in Fig. 5, the curves A and B are of the solid elec- 
trolyte device 16A shown in Fig. 1. The curve A repre- 

25 sents the terminal power density of the solid electrolyte 
device 1 6A in which 5 mass%, on the basis of platinum, 
of metal oxide particles of CoNi02 is blended as the 
methane gas oxidation catalyst with the porous platinum 
layer forming the electrode 1 4a as the anode. The curve 

30 B represents the terminal power density of the solid 
electrolyte device 16A in which metal particles 20, 20 of 
CoO are blended in place of the metal oxide particles 
20, 20 of CoNiOg. 

[0041] Furthernnore, the curve F represents the terml- 

35 nal power density of the solid electrolyte device 16B 
shown in Fig. 2, the electrode 14b, as the anode, of 
which includes the porous metal layer 22a and the layer 
22b in which the metal oxide particles consisting of 
PdCo02 are sintered as the methane gas oxidation cat- 

40 alyst on the surface of this porous platinum layer 22a. 
[0042] Fig. 5 also shows the terminal power density 
of the solid electrolyte device 106 shown in Fig. 10 that 
has the electrode 1 04a as the anode comprising only 
porous platinum (curve D). The graph also shows the 

'^s terminal power density of the Ni-YSZ cermet solid elec- 
trolyte device 110 shown in Fig. 11 (curve E), and the 
terminal power density of the solid electrolyte device 
200 that has the porous platinum layer for forming the 
electrode 104c as the anode containing the metal oxide 

so particles 202, 202 of PdCoOg used in the conventional 
solid electrolyte fuel cell shown in Fig. 10 (curve C). 
[0043] Fig. 6 shows the relation between the solid 
electrolyte device and the operating temperature. Each 
curve in Fig. 6 represents the relation between the max- 

55 imum current density X, that is determined from the dis- 
charge characteristic curves for various solid electrolyte 
devices in the same way as in Fig. 4, and the tempera- 
ture. The sojid electrolyte devices corresponding to the 
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curves A to E are the same as those of Fig. 5. As is 
obvious from Fig. 6, the maximum current density of 
each solid electrolyte device increases with a higher am- 
bient temperature (operating temperature). In other 
words, the power generation capacity of the solid elec- 
trolytedevice increases when the temperature becomes 
higher. The temperature of the abscissa of Fig. 6 repre- 
sents the absolute temperature (K). 
[0044] It can be seen clearly from Figs. 5 and 6 that 
the solid electrolyte device 16A (curve A), that includes 
the electrode 16a formed by blending the metal oxide 
particles 20, 20 of CoNiOg with the porous platinum lay- 
er as the methane gas oxidation catalyst, exhibits a 
higher terminal power density and a higher maximum 
current density than the Ni-YSZ cermet solid electrolyte 
device 110 (curve E). The power general ton quantity 
and power generation capacity of the solid electrolyte 
device 16A (curve A) are also superior to those of the 
Ni-YSZ cermet solid electrolyte device 110 (curve E). 
[0045] Both solid electrolyte devices 16A and 16B 
used for the solid electrolyte fuel cells shown in Figs. 1 
and 2 exhibit a higher terminal power density and a high- 
er maximum current density than the solid electrolyte 
devices 1 06 and 200 used in the conventional solid elec- 
trolyte fuel cells, and their power generation quantity 
and power generation capacity of the solid electrolyte 
devices 16A and 16B are also superior to those of the 
solid electrolyte devices 106 and 200. 
[0046] The terminal power density and the maximum 
current density of the Ni-YSZ solid electrolyte device 
110 shown in Figs. 5 and 6 may seem superior to the 
terminal power density and the maximum current den- 
sity of each of the solid electrolyte device 16A including 
the electrode 16a formed by blending CoO metal parti- 
cles 20, 20 in the porous platinum layer as the methane 
gas oxidation catalyst (solid electrolyte device corre- 
sponding to the curve B), and the solid electrolyte device 
16B including the electrode 14b comprising of the po- 
rous platinum layer 22a and a layer 22b, in which metal 
oxide particles of PdCoOg are dispersed and fixed as 
the methane gas oxidation catalyst on the surface of the 
porous platinum layer 22a (solid electrolyte device cor- 
responding to the cun^e F). 

[0047] However, the terminal voltage and the terminal 
current at the electrodes 102 and 104b of the Ni-YSz 
cermet solid electrolyte device 110 have the following 
properties. When the same measurement is carried out 
once again after the terminal voltage is measured by 
changing the terminal current, the voltage becomes low- 
er even though the terminal current is the same. Fig. 7 
shows the relation between the terminal power density 
and the current density in this instance. In Fig. 7, the 
term "1st run" represents the terminal power density 
cun/e measured by the first measurement. The term 
"2nd run" represents the temninal power density curve 
measured by the second measurement and the term 
■3rd run" represents the terminal power density curve 
measured by the third measurement. As is obvious from 



Fig. 7, performance of the Ni-YSZ cermet solid electro- 
lyte device 110 gradually deteriorates in the direction of 
an arrow. Particularly when the terminal current is in- 
creased, the deterioration becomes large. 

5 [0048] In contrast, the solid electrolyte devices 16A 
and 16B used in the solid electrolyte fuel cells shown in 
Figs. 1 and 2 do not exhibit deterioration of the terminal 
power density of the Ni-YSZ cermet solid electrolyte de- 
vice 1 10 shown in Fig. 7. This will be explained with ref- 

10 erence to Fig. 8. The graph shows the result when the 
terminal power density of the solid electrolyte device 
16A. that includes the electrode 16a comprising the po- 
rous platinum layer blended with the metal oxide parti- 
cles 20: 20 of CoNiOg: is repeatedly measured three 

IS times in the same way as the measurement of the ter- 
minal power density shown in Fig. 6. As is obvious from 
Fig. 8, deterioration of performance of the solid electro- 
lyte device 16A cannot be observed when the measure- 
ment repeated thrice. 

20 [0049] The ambient temperature at which the terminal 
voltage of the Ni-YSZ cermet solid electrolyte device 
1 1 0 becomes stable is at least 925»C (1 , 1 98K) and pref- 
erably, at least GSO'C (1.223K), as shown in Fig. 9, The 
terminal voltage becomes unstable when the ambient 

25 temperature is less than 925'*C (1.1 98K). Incidentally, 
the supply of methane gas is suspended during the pe- 
riod in which the ambient temperature is changed in Fig. 
9, and is started again after the ambient temperature 
reaches a desired temperature. 

30 [0050] Deterioration of performance of the solid elec- 
trolyte device 110 becomes remarkable at a tempera- 
ture higher than 925'C (1.1 98K) at which the Ni-YSZ 
cemnet solid electrolyte device 11 0 operates stably This 
presumably results from the drop of reactivity of the 

35 electrodes due to sintering of the Ni particles contained 
in the solid electrolyte substrate 1 1 4, or due to adhesion 
ol carbon to the electrode surface. 
[0051] In this aspect, the solid electrolyte devices 16A 
and 16B used for the solid electrolyte fuel cells shown 

40 in Figs. 1 and 2 can provide a stable terminal voltage at 
the ambient temperature falling within the range in which 
the terminal voltage of the Ni-YSZ cermet solid electro- 
lyte device 110 becomes unstable. Performance of the 
solid electrolyte devices 16A and 16B remains stable at 

45 the ambient temperature higher than 925''C (1 , 1 98K). 
[0052] As explained above, the solid electrolyte fuel 
cells shown in Figs. 1 and 2 can generate power more 
stably than the solid electrolyte fuel cell using the Ni- 
YSZ cermet solid electrolyte device 110. 

50 [0053] However, the layer 22b made of PdCoOg is 
more likely to undergo thermal decomposition when the 
ambient temperature exceeds 900*C {1.173K). in the 
solid electrolyte device 16B shown in Fig. 2 equipped 
with the electrode 14b comprising of the porous plati- 

55 num layer 22a and the layer 22b including the metal ox- 
ide particles of PdCoOg sintered on the surface of the 
porous platinum layer 22a. 

[0054] In this aspect, the solid electrolyte device 1 6A 
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of Fig. 1 equipped with the electrode 14a formed by 

blending the metal oxide particles of CoNiC^ or CoO in 
the porous platinum layer has an excellent heat resist- 
ance without thermal decomposition even when the am- 
bient temperature exceeds 900'C (1 ,1 73K). s 
[0055] In such a solid electrolyte device 16A shown 
in Fig. 1, the solid electrolyte device 16A equipped with 
the electrode 1 4a. that is formed by blending CoNi02 as 
the metal oxide particles 20, 20, exhibits the best termi- 
nal power density and the best maximum current density io 
as shown in Fig. 5 and 6. In other words, this solid elec- 
trolyte device 16A exhibits the most excellent power 
generation quantity and power generation capacity. 
[0056] The solid electrolyte device 1 6A equipped with 
the electrode 14a formed by blending the metal oxide is 
particles 20, 20 of CoNiOg in the porous platinum layer 
can be obtained in the following way. First, each of the 
powder of Coo and the powder of NiO is mixed and 
burned at 1,300'C for about 24 hours in the open air 
and is thereafter pulverized, giving the metal oxide par- 20 
tides 20 comprising CoNiOg. A predetermined amount 
of the metal oxide particles 20 are mixed with a platinum 
paste to give a mixed paste. After the mixed paste is 
applied to one of the surfaces of the Y5Z burned body, 
sintering is carried out at 1 30*C for about one hour in 25 
the open air to give the solid electrolyte device 16A. 
[0057] Incidentally, the ambient temperature at which 
the solid electrolyte device 16A equipped with the elec- 
trode 14a formed by blending the metal particles 20, 20 
of CoNi02 in the porous platinum layer can exhibit its 30 
best performance, is 700 to QSO'C. Such a temperature 
range is the one within which the terminal voltage of the 
Ni-YSZ cermet solid electrolyte device 1 1 0 becomes un- 
stable. When the solid electrolyte device 16A capable 
of exhibiting high performance at a relatively low tem- 3S 
perature is used, the condition of the heat resistance for 
the components constituting the solid electrolyte fuel 
cell can be mitigated. Consequently, the production cost 
of the solid electrolyte fuel cell can be reduced. 
[0058] The solid electrolyte fuel ceil according to the 40 
present invention has a broader temperature range in 
which it can exhibit its performance fully, and exhibits 
excellent power generation performance. Therefore, the 
present invention can generate power more efficiently 
by using the solid electrolyte fuel cell. The present in- 45 
vention can also reduce the production cost of the solid 
electrolyte fuel cell.. 



Claims so 

1 . A solid electrolyte fuel celt of the type which includes 
a solid electrolyte device having electrodes formed 
on both surfaces of an oxygen ion-conductive solid 
electrolyte substrate, and wherein oxygen or an ox- ss 
ygen>containing gas is supplied to said electrode on 
the cathode side and methane gas, as fuel. Is sup- 
plied to said electrode on the anode side of said sol- 



id electrolyte device, characterized in that: 

metal oxide particles consisting of CoNi02 or 
CoO are blended as an oxidation catalyst for meth- 
ane gas in a porous platinum layer forming substan- 
tially said electrode on the anode side of said solid 
electrolyte device. 

2. A solid electrolyte fuel cell of the type which includes 
a solid electrolyte device having electrodes formed 
on both surfaces of an oxygen ion-conductive solid 
electrolyte substrate, and wherein oxygen or an ox- 
ygen-containing gas is supplied to said electrode on 
the cathode side and methane gas, as fuel, is sup- 
plied to said electrode on the anode side of said sol- 
id electrolyte device, characterized in that: 

an oxide layer in which metal oxide particles 
consisting of PdCoOg are sintered as an oxidation 
catalyst for methane gas is formed on the surface 
of a porous platinum layer forming said electrode 
on the anode side of said solid electrolyte device. 

3. A solid electrolyte fuel cell according to claim 1 or 
2, wherein said solid electrolyte substrate is formed 
of a stabilized zirconia burned body containing yt- 
tria, and said electrode on the cathode side is 
formed of lanthanum strontium manganese oxide 
((Lao.85Sro.i5)o.9oMn03l- 



7 



EP 1 058 329 A2 



Fig.l 




16B 



8 



EP 1 058 329 A2 




9 



EP 1 058 329 A2 



Fig.4 




CURRENT DENSITY 



Fig.5 




10 



EP 1 058 329 A2 




11 



EP 1 058 329 A2 



Fig. 7 

PRIOR ART 




eURRENT DENSITY/niAcni-^ 



12 



EP 1 058 329 A2 



Fig.8 



Olst RUN 
• 2nd RUN 

@3rd RUN 



10 20 30 

CURRENT DENSITy/mAcni-^ 



40 



13 



EP 1 058 329 A2 



Fig.9 

PRIOR ART 




0.0' ' ' 

TIME 



Fig.10 

PRIOR ART 




lJ02_100 Id4aj 
106 



14 



EP 1 058 329 A2 





15 



